The productivity and survival of algae are strongly affected by their physiological and biochemical processes, as well as biotic and abiotic factors in the environment. In recent years, global climate change such as increased temperature and elevated ultraviolet radiation (UVR) due to ozone depletion has huge impact on organisms particularly the ones in the marine ecosystem. It has been demonstrated that the global temperature increased steadily over the last decade, with an average of 0.74°C. In the coming years, climate model projections summarized by the Intergovernmental Panel of Climate Change (IPCC) indicate that average global surface temperature will likely rise a further 0.5 to 1.6°C by 2030, and rising to 1.1 to 6.4°C by 2100. As algae serve as the primary producer of food chain in both marine and terrestrial ecosystems, it is of great significance to understand the impact of temperature change on their physiological and biochemical processes. This review provides the information on how algae respond to temperature change based on their growth, biochemical composition and fatty acid composition.
INTRODUCTION
During the last few decades, changes in global environment such as global warming and ozone depletion have been particularly strong and are topics of great concern. Global climate change is making itself felt in the form of prolonged droughts, warmer air and ocean temperature, increase land-surface precipitation, melting glaciers and ice caps, rising in sea level, thawing of permafrost and changes in atmosphere and oceanic circulation patterns (IPCC, 2007) . The effects of climate change such as global warming and increased UVR on algae have been receiving increase interest (Teoh et al., 2004; Chu et al., 2005; Wong et al., 2007) . There is strong evidence which shows that the average global temperature will increase with the increase of anthropogenic greenhouse gasses such as carbon dioxide (CO 2 ), nitrous oxide (N 2 O), ozone (O 3 ), methane (CH 4 ) and chlorofluorocarbons (CFCs) in the atmosphere.
The elevated anthropogenic greenhouse gases would lead to an increase in the average global surface temperatures ranging anywhere from 1.8 to 4.0°C, though the actual rise will not be homogenous and some parts of the world will see far larger shifts in temperature than this (Kojima & Harrison, 1998; Hostetler & Small, 1999; IPCC, 2007) .
To date, only few authors reported about the issues of global warming in Malaysia (Quadir et Global warming can have a huge impact on all organisms on Earth. The impact on algae can be far reaching as they are important biotic component in the world's ocean and freshwater ecosystems and account for around 50 % of the net amount of 111 -117 Pg C assimilated annually (1 Pg = 10 15 g) by photoautotrophs (Behrenfeld et al., 2001; Beardall & Raven, 2004; Falkowski & Raven, 2007 ). This will eventually affect the whole ecosystem where changes in the food chain will cause changes in the species composition and abundance of organisms up the food chain.
One of the main topics that captured the attention of scientists around the world is the concern on how environments are changing, and how these changes are affecting, or going to affect life on Earth and how it might respond (Peck, 2005; Beardall & Stojkovic, 2006; Beardall et al., 2009 ). According to Peck (2005) , organisms have a limited number of responses that enhance survival in changing environments. These are:
1. To cope with the change using internal physiological flexibility and capacities, 2. To evolve adaptations to the new conditions, or 3. To migrate to areas consistent with survival.
If the organisms failed to migrate or adapt to the changing environment, they will become extinct. With increased temperature, this phenomenon will lead to accelerated growth rate and metabolic activity of algae which is generally positively correlated with temperature within a suitable range. Therefore, temperature is an important factor controlling growth rate, physiological and metabolic processes in algae (Beardall & Raven, 2004 
Response of algae to increased temperature

Growth Rate
Temperature is a fundamental environmental factor that strongly regulates the algal growth (Eppley, 1972; Raven & Geider, 1988) . The relationship between temperature and a given biological rate such as algal growth and photosynthesis has often been described by the temperature coefficient Q 10 or Arrhenius functions (the factor by which a biological rate is increased by a 10ºC rise in the temperature) (Ahlgren, 1987; Regier et al., 1990 ). The use of Q 10 values assumes an Arrhenius-type relationship between growth rates and temperature. Conversely, both of these functions assume continuous acceleration of growth with increasing temperature. It is assumed that the algal growth rates increase up to the optimal temperature (T opt ), beyond which they decrease (Suzuki & Takahashi, 1995; Montagnes & Franklin, 2001 ).
Temperature is a very important ecological parameter that affects almost every aspect of aquatic life. The effects may vary from increase in the metabolic rate of organisms to displacement or even mortility of sensitive organisms (Rajadurai et al., 2005) . The temperature-growth range of an alga is important ecologically because it defines the range over which the alga can be metabolically active and determines the distribution of algae. Different algal species have different ranges of tolerance and physiological responses to temperature changes (Table 1) . According to Li (1980) , some algae can survive at extreme habitats with temperatures ranging from -2°C in the Arctic and Antarctic to 75°C in thermophilic hot springs.
A study on the temperature-growth characteristics of 35 taxa (128 isolates) from Antarctic oases showed that all isolates grew at temperatures ranging from 7.5 to 18°C with about 6% of the 128 clones unable to grow at ≤ 5°C. Nevertheless, over one-third of the isolates can tolerate high temperature of 30°C (Seaburg et al., 1981) . For example, Suzuki & Takahashi (1995) studied the growth responses of several diatoms exposed to different culture temperatures and found that these diatoms showed a maximum growth rate at the temperature very near to the upper limit, which was generally higher than the isolation temperature. In a study on six Antarctic algae showed that they grow above ambient temperature (Teoh et al., 2004 ).
Although it is generally assumed that cyanobacteria have high temperature optima for growth (> 20°C), cyanobacteria are often the dominant autotrophic 
Chaetoceros sp.
Rhodomonas sp.
Cryptomonas sp.
Unidentified prymnesiophyte
Isochrysis sp. A study on 27 isolates of high-latitude mat-forming cyanobacteria from the polar (Arctic, sub-Arctic and Antarctic) freshwater ecosystems, Tang et al. (1997a) found that the temperature optimum for growth ranged from 15 -35°C, with an average of 19.9°C. The study showed that maximal growth rates of the algae occurred within the upper limit for growth and generally higher than the ambient temperature from which the species were isolated. Similar findings were observed for the cyanobacterial assemblages from several permanent ice covers in Antarctica, where optimum rates of photosynthesis occurred at temperatures > 15°C (Fritsen & Priscu, 1998).
Temperate can impose a significant effect on the specific growth rate of algae. At temperature below optimum for growth, µ increases with increasing temperature but declines markedly at above the optimal temperature. For example, the growth rates of three tropical Australian algae Cryptomonas sp., Rhodomonas sp. and prymnesiophyte NT19 increase with temperature within 25 to 30°C, but decline at temperatures above 30°C (Renaud et al., 2002) .
Similarly, Nannochloropsis oceanica showed increasing µ as a function of temperature, from 14.5°C, with a peak at 25 -29°C. Above 30°C the cultures showed dramatic reduction in µ, with no cultures growing at temperatures over 35°C (Sandnes et al., 2005) . In the marine diatom Chaetoceros calcitrans, the growth rates increased with temperature from 0. 
Biochemical Composition
There have been intensive studies on the biochemical composition of algae as they are the primary producers in the food chain. Information on the nutritional properties of algae such as protein, carbohydrate and lipid content is crucial Growth temperature has strong influence on the changes of biochemical composition in algae. Overall, high growth temperature has been related to significant decrease in protein content, together with increases in lipid and carbohydrates (Tomaselli et According to Zhu et al. (1997) , the biochemical composition of the haptophyte Isochrysis galbana TK1 grown at 15 and 30°C varied at the two culture temperatures. The highest protein and carbohydrate contents were found at 15°C, while lipid content was higher at 30°C than at 15°C. In another study, it was found that the lipid content of Nannochloropsis oculata almost doubled when an increase in temperature from 20 to 25°C. However, an increase from 25 to 30°C caused a decrease of the lipid content of Chlorella vulgaris from 14.71 to 5.90% (Converti et al., 2009).
Fatty Acid Composition
In recent years, research has been directed towards profiling the fatty acid composition of microalgae. This is mainly due to the popular demand of microalgae as dietary feed in the aquaculture industry. The n-3 polyunsaturated fatty acids It has been recognize that temperature is an important factor that regulates the production of fatty acids in microalgae. However, the variation of fatty acid composition in response to temperature changes is species-dependent (Table 3) . Microalgae respond to environmental temperature changes by altering the fatty acid composition of their membrane lipids. For example, when there is a decrease in the growth temperature, the levels of more unsaturated/or short-chain fatty acids increase The mechanisms of acclimation to high temperatures are still unclear. High growth temperatures have been shown to increase the formation of saturated fatty acids in many species of marine microalgae (Mortensen et al., 1988; Thompson et al., 1992b; Renaud et al., 1995) . This is due to the changes of the fluidity of cell membrane phospholipid layers depending on the degree of fatty acid unsaturation (Harwood, 1988; Sargent et al., 1989) . A weak trend toward more saturated fatty acids at higher temperature was found in six of eight marine phytoplankton when grown at 25°C than at 10°C. The trend is obvious in Thalassiosira pseudonana where there was a significant increase in 14:0 and a trend toward more 16:0 with increasing temperature (Thompson et al., 1992b) .
As altering the membrane fatty acid saturation level can affects membrane fluidity, this can be an adaptive response and protection against thermal stress. Saturated fatty acids normally increase at higher growth temperatures, and polyunsaturated fatty acids increase at low growth temperatures, thereby maintaining optimal membrane fluidity (Murata & Nishida, 1987; Larkindale & Huang, 2004a). However, Thompson and co-workers (1992b) found that the response to temperature was species specific and that there was no overall consistent relationship between temperature and fatty acid unsaturation for eight species studied. This suggests that the fatty acids of some microalgae species may be less affected by high temperature than others. In addition, Sato et al. (1996) suggested that lowered unsaturation on levels of chloroplast lipids in Chlamydomonas reinhardtii contributed to high temperature tolerance of photosystem II, and eventually to that of photosynthesis.
CONCLUSION
As demonstrated here, temperature plays an important role in controlling the physiological and biochemical processes in algae. The basic understanding on how algae respond and adapt to temperature change is crucial. However, most authors found that the response of algae to temperature changes varied with species. Temperature changes also determine species abundance and distribution of algae. As all organisms in the food chain are closely linked, it is of great significance to study the impact of algae at species level and relate the findings to the ecosystem. 
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